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 AGCUELERATOR EXPERIMENT: Main Ring Injection Mismatching of the
Beam in the Transverse Phase Spade

Experimenter: A, Stiening

Date Performad: May 29, 1974

I't has been suspected for a long time that the cperaticn of
%eGéV line is quite unsatisfactory as far as the matching of the
beagm shape 18 concerned. Before the last major shutdown in May,
we tried to understand the optlces of the line by deflecting the
beam both horizentally and vertically and measuring the subseguent
shifts of the bean position. The beam size was also measured at
§1% positions for various duadrupole setbings. One result of this
trial was the discovery of a large beam distortion in the vertical
direction due to the nonlinear field in the boovster extraction |
septum magnet (MPDLl). Extensive analyses were carried out to flnd'
& satisfactory setting of quadruﬁales put this wag difficult be~
cause of the uneértainties in the calibration of each quadrupole.
£150, thePe was only one wire scanner in the main ring (AL3) so
‘that 1t was fot pogsible to find the degree of mismatcéhing difeétlyi

During the sghutdown In May, three more scanners were 1nstalled

_(Alo A12 and ALL) in the main ring and the thickness of the_septum o

- of MPO1 was doubled in the hope that this would somehow vreduce the’
beamidistortion. On ' May 29, with the gquadfupole seétting that was
believed to be the best, beam size was messtred at six positions
along the line as well as at four positions Iin the malin fingi Data
are still bveing analyzed and this is a partial result of the angl-~
ysig. Hopefully, we may be able to find the optimum guadrupcle |
setting by a series of such measurements and analyses but this will

take time.

LQuadrupole settings

power supply shunt voltage current
(millivolts) (amp)

BQS 37.0 740
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S MRES. 36,4 728
“MQO3 ho.s 398
W12 47,0 ool
Mgt 400 160
WG/ 16.6 33.2
MQu6 59,9 1.8
Date Used
Horigontal and vertical beam size at AL0, AL2, A13 and A14. The
'-fmli_@aa@;siz@ ds Mdefined" Lo be twice the FWHM. In the hori-
'%cntai~ai@ecﬁimmj the dispersion is simply sulitracted from the
beam‘&i e with (Apdp) = 0.1% (total) and Kp given by SYNCH.

"Ff@éeduv@s

_'jT“ansfwrmag eng of the beam shape are fEs am&é to be glven by
:;}3&%&% for vy = v = 10, ¥ {supplied by W.W. Lée). There aie three
'”unkm@wmw {twe beam-shape paraneters and the beanm ami@@an%@i and
:igmr bﬁam size datva. Using the least-sguares fit, we can find

”ﬁﬁfée”uﬁkﬂdWmﬁw
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A@_ékﬁﬁ &@ammmhape parameters arel

Bﬁ;ﬁ 90.6 1, g = —-1.0H3,

CIg&al values are, from SYNCH,

”ﬁ@'béam émittamce ig 1.027 mmemrad. The dilution Tactopr Tow “he“
']Qf_»h& geam inothe maipn ring 18 1,39 X i“ﬁ _mmﬁmraﬁ T @?ﬁ mwmmr&@;
+l3 2 s {pius

fffé

Phe ! expectel Maxingn beatsles InstHe nafn ring 1k
'_ §¢s@ﬁf£iém;. The fitting 18 as follows:
meagured beam size calculdated beam slze
£09.6 mm 9.6
571 6.0
11.6 11.6
LB B
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B.Vérvical

At ALO, B, = 88.5 m, o, = 0.200.

Idesl values from SYNCH are B, = 49.7m, o = 0.197,
The bean emittance is 1.281 mm-mrad and the dilution factor of.
yiQBQ gives the effective emittance 2.307 mm-mrad, The expected
méximumfbéam sige in the main ring is x16.8mm, This is cer-

tainly a very uncomfortable value.

L Mehsured beam size caleulated beam size
~ALO- _ 11,1 mm +10.56
A2 14.3 14.6
- A13 | 7.9 6.1
ALY 7.9 8.2

  Thé-fitting'iS not very good at Al3 but the overall plcture seems.
.fftésbe'réasenablea In any case, it is guite obvious that we Have.
' %5:aéhi@ve a better matching in the vertical direction. The
Hinﬁéﬁsity_cf the beam was approximately 40 ml and the injection
' iﬁﬁG thé’booster was single~turn. More information is available

Cfrom R. Stiening and S. Ohnuma.

5. Uhniuma



Appendix

Byemd wy at A and By and  op at B

e

A
The §~GeV lime 18 slways =sdjusted such that

1,

- PN . i & 2 g : )
(beam size at B/beam size at A) m_&gfﬁﬂ.

_ $nVa@dit§om't® this condition, 1f we tune the line such that
~the beam ‘sire at A takes the minimum valug, how good is the

f}wau@hzng Assume that we also know the phiase advance @ fron
: §,30 B.
 ANSWER:

'1"$ﬁepmimimum.b@am aige attalnable at A corresponds €6

3 =V@g | sing] and  d = o leing] + sine cosé/|sing].
': ?§§_&i1§$£9ﬁ factor for emittance due to this mismstching is
[tan{¢/2) ] .or Jeot (¢/2) ]
 :f®ﬁi§ﬁ@?@ﬁ'i$ larger than or egual to aﬁi%yﬂ

& Ailution famotor

90° 1.000

B0 1.1920 -

70 1,428

&0 1.932
Staftihg from the above condition, one caw make g egual ﬁ&'ﬁg
31&&@-51&@ i kuown. However, two solutions &Tﬁﬁ@&gﬁibi® er
thnis. “

(L. operfect matehing, B = By gnd o = Gy -
-ﬁf_.g': gﬁ.buﬁ @ = @g.@ 2 CQ@@*

Tfi-this case, the matehing is worse. The dilution
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C factor is
van® (4/2) or cot® (6/2)

whichever is larger than or equal to unity.
:ﬁi%"igaim@cﬁtant'to keep the ratio of the beam size a1lways
fﬁcgﬁreét”, Also, singd $ 0 iz assumed. If sin¢ = 0, the
'rétiO-of'ﬁhe peam size is always "corvect' iridepsndent of

_tuning.



